Nerve transfer between the spinal accessory nerve (SAN) and the suprascapular nerve (SSN) is a standard technique in shoulder reanimation. In cases of global brachial plexus injury, donor nerves are few and at times severely traumatized owing to extensive traction forces. This precludes the application of standard nerve transfer techniques. The authors offer the use of the contralateral SAN as an additional option in the reinnervation of an injured SSN in such circumstances. To the best of their knowledge, this is the first successful attempt of this technique to be reported in the literature. 
T he spinal accessory nerve (SAN), being predominantly a motor nerve, is widely used in ipsilateral nerve transfer to the suprascapular nerve (SSN). In the conventional approach, the SAN is dissected through a supraclavicular incision, is divided retroclavicularly, and is directly transferred to the SSN. This approach carries a risk of partial denervation of the upper trapezius muscle. A nerve transfer performed through a posterior approach preserves the proximal branches to the upper trapezius and allows nerve transfer close to the target muscles.
1,2 An ipsilateral phrenic nerve is another effective donor nerve but its is known to result in a transient decrease in pulmonary function tests. 4 However, both the SAN and the phrenic nerve are vulnerable to injury from severe traction forces in the head and neck regions, as occurs at times in global brachial plexus injury. Therefore neurotization of the SSN becomes a real challenge. In this paper we offer the use of the contralateral SAN as an additional option when no local transfers are available.
case report

History
A 29-year-old man sustained a total brachial plexus injury in his right upper extremity during a motorcycle accident and reported to a tertiary care center 4 months later.
Examination
Examination revealed a flail and anesthetic limb with drooped shoulder and a positive Horner sign. The ipsilateral trapezius muscle was paralyzed. The sternocleidomastoid muscle failed to contract when the patient turned his neck to the contralateral side. A plain radiograph of the chest revealed a healing fracture of the right clavicle with a raised dome of the ipsilateral diaphragm. An anteroposterior radiograph of the cervical spine revealed a fracture of the transverse process of C-7. A 3D MRI study revealed pseudomeningoceles at the C-7, C-8, and T-1 root levels. Electromyography revealed denervation of paraspinal muscles. The contralateral extremity was normal, with the power of the trapezius muscle recorded as M5. Surgical reconstruction was planned, and various treatment options were discussed with the patient.
Intraoperative Findings
On exploration of the supraclavicular brachial plexus, at 4 months after the injury, an extensive fibrosis was noticed in the scalene triangle and adjoining area. No nerve elements were found in the scar tissue. The phrenic nerve could not be located on the surface of the scarred anterior scalene muscle. The SSN, emerging from the distally retracted part of the plexus, failed to respond to an electric Use of contralateral spinal accessory nerve for ipsilateral suprascapular neurotization in global brachial plexus injury: a new technique stimulus. The SAN was thin and fibrotic and showed a weak response to a stimulus of 2 mA.
Operative Procedure
The patient was placed in a semilateral position with head of the operating table raised 40°. Through a transverse incision made parallel to the spine of scapula, the distal part of the SSN was dissected up to the suprascapular notch. The SSN, which measured 7.5 cm from the upper trunk to the suprascapular notch, was then divided at its takeoff point from the upper trunk and delivered through the scapular incision. At this stage, the patient was placed in the prone position. Through another incision over the contralateral scapular spine, the SAN was dissected free, with care taken to preserve the branches to the upper and middle parts of the trapezius muscle. The distal vertical course of the SAN was dissected along the medial border of scapula. The nerve was divided as it started thinning off, approximately 5 cm from the superior angle of scapula, and was delivered to the surface. The distance between the SAN and SSN measured 12 cm. A 13.5-cmlong sural nerve graft, tunneled subcutaneously, was interposed between the ends of the SAN and SSN (Fig. 1) . A third vertical midline incision helped in the retrieval of the nerve graft. Figure 2 shows a schematic representation of this technique. Nerve coaptations were carried out with 10-0 nylon suture under a surgical microscope. Skin incisions were closed with multiple metal staples. Additional nerve transfer for restoration of elbow flexion consisted of transfer of the third, fourth, and fifth intercostal nerves to the musculocutaneous nerve.
Postoperative Course
Postoperatively, the operated arm was strapped to the patient's chest for a period of 3 weeks, following which stretching exercises and electrical stimulation were initiated. The patient was followed up at monthly intervals during the first 6 months. Beginning at 20 weeks after the operation, 8 weekly electromyographic examinations were performed on the infraspinatus muscle. The muscle power of the trapezius was examined at 6 months after reconstruction. The first electrophysiological sign of reinnervation of the infraspinatus muscle appeared 48 weeks after the operation, whereas initial evidence of restoration of shoulder abduction was noticed 52 weeks after the operation. Two years (24 months) postoperatively, electromyography revealed polyphasic motor unit potentials in the infraspinatus muscle. Clinically, the patient had a stable shoulder with 26° of active abduction and 15° of external rotation ( Fig. 3A and 3B ). Shoulder abduction was synchronous with the elevation of the contralateral shoulder (Fig. 3C ).
discussion
Restoration of shoulder stability and function constitutes an important goal in the rehabilitation of patients with global brachial plexus injuries. Nerve transfer between the SAN and SSN helps in achieving these goals. In 
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cases of severe grades of brachial plexus injury, root avulsions are common and at times associated with an extended injury to the potential donor nerves (e.g., phrenic nerve and SAN). Under these circumstances, the contralateral C-7 spinal nerve has been transferred to the SSN and axillary nerves to regain shoulder function.
6 In a recent study consisting of 13 cases, Sammer et al. noted functional outcomes following hemicontralateral C-7 nerve transfer to the axillary nerve and SSN. 3 The donor nerve was transferred end-to-end to the axillary nerve and/or the SSN with the use of reversed nonvascularized sural-nerve cable grafts. Although most of the patients demonstrated electromyographic evidence of motor reinnervation of one or more of the target muscles, only 3 patients achieved functional (M3 or greater) shoulder abduction. None of the patients regained active external rotation of the shoulder.
In the present case, no viable root stumps were available. At the same time, potential donor nerves (SAN, phrenic nerves) were also injured. Our previous experience with histomorphometry has shown an adequacy of myelinated axons in the distal part of the SAN.
1 A search of the extant literature on the subject revealed that contralateral SAN might be considered for ipsilateral neurotization of the suprascapular nerve, using a posterior approach.
5 This encouraged us to use the contralateral SAN, lengthened with a graft, to reinnervate the injured SSN. At 24 months' follow-up our patient had regained 26° of active shoulder abduction and 15° of external rotation. This leads us to believe that in severe grades of brachial plexus injury with associated injuries to the ipsilateral SAN and phrenic nerve, use of the contralateral SAN is a viable option in restoration of shoulder function. However, further experience needs to be gained from a larger number of cases before this can be accepted as a standard technique. 
disclosure
The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this paper. 
author contributions
